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Session of 2005. Act 8 of the First Extraordinary Session of 2005 expanded the membership, duties 

and responsibilities of the CPRA and charged the new Authority to develop and implement a 

comprehensive coastal protection plan, consisting of a Master Plan (revised every 5 years) and 

annual plans. The CPRA’s mandate is to develop, implement and enforce a comprehensive 

coastal protection and restoration Master Plan.  
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Executive Summary 

The 2012 Coastal Master Plan utilized Habitat Suitability Indices (HSIs) to evaluate potential 

project effects on wildlife, fish, and shellfish species. Even though HSIs quantify habitat condition, 

which may not directly correlate to species abundance, they remain a practical and tractable 

way to assess changes in habitat quality from various restoration actions. As part of the 

legislatively mandated 5-year update to the 2012 plan, the fish and shellfish habitat suitability 

indices were revised using existing field data, where available, to develop statistical models that 

relate fish and shellfish abundance to key environmental variables. The outcome of the analysis 

resulted in improved, or in some cases entirely new suitability indices containing both data-

derived and theoretically-derived relationships. This report describes the development of the 

habitat suitability indices for juvenile white shrimp, Litopenaeus setiferus, for use in the 2017 

Coastal Master Plan modeling effort. 
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1.0 Species Profile 

White shrimp are demersal omnivores that range from Fire Island, New York to the St. Lucie Inlet, 

Florida, on the Atlantic coast and from Apalachee Bay, Florida to Campeche Bay, Mexico in the 

Gulf of Mexico (Pattillo et al., 1997). The species is most abundant in Louisiana and Texas (Klima, 

1987; Williams, 1984), with the greatest densities occurring off the coast of Louisiana (Klima et al., 

1982). The white shrimp commercial fishery in Louisiana has supported more than 60% of the 

nation’s annual landings from 2000-2013 (http://www.st.nmfs.noaa.gov), and the annual white 

shrimp numbers sampled by the LDWF fisheries-independent monitoring program have 

continued to rise in the coastal basins since the early 2000s (LDWF, unpublished data).  

 

As with brown shrimp, predation and episodic catastrophes such as hurricanes and hard freezes 

play important roles in reducing white shrimp populations. Suitable estuarine habitat is critical to 

survival and recruitment of juveniles (Nance et al., 1989; Turner, 1977) and habitat loss may 

eventually result in declines in recruitment and harvest (Christmas and Etzold, 1977; Nance et al., 

1989). Other factors that affect penaeid shrimp population dynamics are nursery area 

productivity, prey availability, refuge from predation, amount of freshwater inflow, light intensity, 

tides, and rainfall (Christmas and Etzold, 1977; Gracia, 1991; Pattillo et al., 1997). 

 

White shrimp also are important to estuarine food webs. White shrimp postlarvae in the estuaries 

prey upon zooplankton and phytoplankton. Predators of postlarvae include juvenile spotted 

seatrout, southern flounder, crab megalopae, spot, and killifish (Zein-Eldin and Renaud, 1986). 

Juveniles and subadults in the estuaries are benthic consumers that eat organic-inorganic 

detritus, fecal pellets, diatoms, polychaetes, and zoobenthos (Rozas and Minello, 2011). They are 

preyed upon by juvenile and adult spotted seatrout, sea catfish, red drum, southern flounder, 

ladyfish, sea birds, pinfish, Atlantic sharpnose shark, blue crab, Atlantic croaker, black drum, 

silver perch, and sand seatrout. 

 

Eggs (0.28 mm diameter and demersal) are spawned from spring through fall in offshore waters, 

where they hatch and develop into larvae (Christmas and Etzold, 1977; Klima et al., 1982; Figure 

1). Larval stages (0.3-7 mm) consist of 5 naupliar stages, 3 protozoeal stages, and 3 mysis stages 

(Perez-Farfante, 1969). All larval stages are planktonic (Klima et al., 1982; Perez-Farfante, 1969). 

White shrimp postlarvae (7 mm – 25 mm TL) recruit into the estuarine nurseries through tidal 

passes from May to November. One peak is in June and a second peak occurs in September in 

the northern Gulf of Mexico (Baxter and Renfro, 1968; Klima et al., 1982). After they reach the 

nursery areas, metamorphosis to the juvenile stage occurs (Cook and Lindner, 1970; Perez-

Farfante, 1969; McKenzie, 1981; Muncy, 1984; Williams, 1984). Juveniles (25-120 mm) migrate to 

less saline waters than brown or pink shrimp. They use mud flats to deep channels and are less 

dependent on vegetated habitats than brown shrimp. They then leave the shallow marsh 

habitat for deeper, higher salinity regions of the estuary as they near size at maturation and 

leave the estuary to spawn in the offshore waters (Cook and Lindner, 1970). After leaving the 

estuaries, the adult white shrimp (119 mm TL for males at maturity; 165 mm TL for females) 

generally move westward and deeper in offshore waters (Hollaway and Baxter, 1981; Hollaway 

and Sullivan, 1982; Lyon and Boudreaux, 1983). In April to mid-May, adult white shrimp move 

back to nearshore and inshore shelf waters (Hollaway and Sullivan, 1982; Pattillo et al., 1997).  

 

The spatial and temporal distribution of white shrimp life stages within the estuary is summarized 

by a space-time plot (Figure 2), which indicates the relative abundance of each life stage 

throughout the year for each region: upper, mid, and lower estuary, and inner and outer shelf. 

These regions are characterized by similar habitats and environmental conditions (Table 1). 

Generally, the upper estuary is primarily comprised of shallow creeks and ponds with the 
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greatest freshwater input, lowest average salinities, and densest fresh and intermediate marsh 

and submerged aquatic vegetation (SAV). The mid estuary is comprised of more fragmented 

intermediate and brackish marsh vegetation with salinities usually between 5 and 20 ppt. The 

lower estuary is comprised mainly of open water habitats with very little marsh, deeper channels 

and canals and barrier islands with salinities generally above 20 ppt. The inner and outer shelf 

regions are defined as the open marine waters divided by the 20 meter isobath.  

 

 
 

Figure 1: White shrimp life cycle (Pattillo et al., 1997 and references therein). 
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Figure 2. Space-time plot by life stage for white shrimp showing relative abundance in the upper, 

mid, and lower region of the estuary, and inshore and offshore shelf regions by month. White 

cells indicate the life stage is not present, light grey cells indicate the life stage is at moderate 

abundance, dark grey cells indicate abundant, and black indicates highly abundant.  
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Table 1. Habitat requirements for white shrimp life stages. Pattillo et al. (1997), Pattillo et al. (1995), 

and Zein-Eldin and Renaud (1986) were the primary sources used to construct the table and 

most of the references are therein. 

Life 

Stage: 

Process 

Salinity (ppt) 

Optimum 

(Range) 

Temperature 

(°C) 

Optimum 

(Range) 

Depth 

(m) 

Preferred 

Substrate 
Turbidity 

 

DO 

(mg/L) 

Egg (27-35) - - - - - 

Larvae/ 

Post-

larvae 

 

 

 

 

 

 

 

(0.4-37.4; 

27-35) 

18-32.5 

(12.6-32.5) 

 

 

- Mud 

habitat 

with marsh 

vegetation 

- - 

Juvenile 

 

 

 

 

<10 

(5-26, LA) 

15-33 

(9-33, LA) 

 

Positively 

related 

to deptha 

 

Flooded 

marshb,c 

 

 

Found in 

shallow 

mud flats to 

deep 

channels;  

Prefer 

sandy-mud  

 

Prefer 25-

80% of 

area 

covered by 

marshd 

Negatively 

related to 

turbiditya 

Avoids 1.0-1.5 

 

Adults: 

 

 

 

 

 

 

Spawning 

  

27-40 

(0.1-45.3) 

 

 

 

 

 

(27-35) 

 

(10-37, if 

acclimated; 

<18, growth 

slow) 

- Prefer 

sand-silt 

areas high 

in organic 

content 

- < 2.0 causes 

stress 

 

Avoid 

hypoxia, 

forces shrimp 

inshore and 

offshore is 

blocked by 

hypoxia in LAe  
aMinello and Webb, 1997; bRozas and Reed, 1993; cMinello et al., 2011; dMinello and Rozas, 2002; 
eZimmerman et al., 1997  
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2.0 Approach 

The statistical analyses used the data collected by the Louisiana Department of Wildlife and 

Fisheries’ (LDWF) long-term Fisheries-Independent Monitoring program conducted for coastal 

marine fish and shellfish species. The program employs a variety of gear types intended to target 

particular groups of fish and shellfish; although all species caught, regardless if they are 

targeted, are recorded in the database. Due to the variable catch efficiency of the gear types, 

catch per unit effort (CPUE) for key species was estimated as total catch per sample event for 

each gear type separately. The LDWF gears that caught consistent and relatively high 

abundances of the species of interest over time were used for the statistical analysis. 

 

Data from the 50-foot seine and 6- and 16-foot trawl were evaluated for statistical relationships 

among the associated environmental data and white shrimp CPUE. The 6-foot trawls were 

historically sampled weekly during April through the closing of the Spring shrimp season at fixed 

stations to sample juvenile penaeid shrimp populations in shallow edge habitats in the interior 

marshes (LDWF, 2002). The current sampling program limits 6-foot trawl sampling to April and 

June (LDWF, personal communication). The body of the 6-foot trawl is constructed of 3/8 in. bar 

mesh No. 6 nylon mesh while the tail is constructed of 1/4 inch bar mesh knotted 35-lb. tensile 

strength nylon and is 40 inches long. The 16-foot trawls historically were sampled bi-weekly during 

November through February and weekly from March through October at fixed stations to 

provide abundance indices and size distributions for penaeid shrimps, crabs and finfish (bottom 

fish) in the larger inshore bays and Louisiana’s territorial waters. The body of the trawl is 

constructed of 3/4 in. bar mesh No. 9 nylon mesh while the tail is constructed of 1/4 inch bar 

mesh knotted 35-lb. tensile strength nylon and is 54-60 inches long. The 50-foot seines have 

historically been sampled once or twice per month at fixed stations within each coastal basin by 

LDWF to provide abundance indices and size distributions of the small fishes and invertebrates 

using the shallow shoreline habitats of the estuaries. The seine is 6 feet in depth and has a 6-foot 

by 6-foot bag in the middle of the net and a mesh size of 1/4 inch bar.  

LDWF also measures temperature, conductivity, salinity, turbidity, dissolved oxygen (DO) and 

station depth in concurrence with the biological (catch) samples. Conductivity and salinity were 

highly correlated, so for this analysis only salinity was used. Station depth was not used in the 

analysis as it characterizes the station and is not measured to serve as an independent variable 

for CPUE. DO has only been measured consistently since 2010, so DO was not included in the 

analyses since the minimal sample size greatly limits the ability to statistically test for significant 

species-environment relationships. Turbidity measurements collected with the trawl samples 

were not used because trawling disturbs the sediment and thus greatly affects turbidity and 

species catchability. For the analyses, the associated turbidity (seine only), salinity and 

temperature measurements were evaluated with the CPUE from the seine and trawl station 

samples. Salinity and temperature are measured at top and bottom of the water column and 

averages of their measurements were used for the analyses. Examination of the top and bottom 

measurements usually showed no or little difference between the two, and often only top or 

bottom salinity was collected such that the mean value was the result from the single 

measurement.  

Other important variables such as vegetated/non-vegetated habitat and substrate type are not 

available from the LDWF datasets. However, a comparison of HSI’s developed from those gears 

that are associated with non-vegetated habitat (trawls) with those that are associated with 

vegetation (seine) was made to see if optimum values for variables were similar between 
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habitats and if they roughly supported previous findings (CPRA, 2012; Minello and Rozas, 2002). 

Thus, the primary focus of the statistical analysis was on the water quality data collected by 

LDWF, then a theoretical, literature-based relationship for wetland vegetation was incorporated.  

Length distributions of the species were plotted by each gear type to determine if the catch 

was comprised of primarily juveniles, adults or a combination of the life stages. Mean monthly 

CPUE by year for the species in each gear was also estimated and plotted to determine which 

months had the highest consistent catch over time and which months had variable and low or 

no catch over time. These plots allowed for subsetting the data by the months of highest species 

catch in order to reduce the amount of zeroes in the dataset. In this way, the analysis was not 

focused on describing environmental effects on species catch when the species typically are 

not in the estuaries or else at very low numbers.  

2.1 Seines 

The length distribution of white shrimp caught in the seine samples indicated that nearly all were 

small juveniles (median TL=43 mm; Figure 3). White shrimp typically mature at around 119-165 

mm TL (Baltz et al., 1993; Rozas and Reed, 1993). Sizes above 119 mm TL constituted less than 2% 

of the total white shrimp catch. Therefore, it was assumed that the estimated CPUE from the 50-

foot seines samples were representative of small juvenile white shrimp.  

The plot of mean CPUE by month for each year indicated the catch of juvenile white shrimp in 

the 50-foot seines was consistently highest during June through November (Figure 4). This 

seasonality of juvenile white shrimp catch in the seine samples coincides with their life history 

information of peak spawning on the shelf from June through July with juveniles occurring in the 

estuaries from June through November then gradually emigrating to the offshore spawning 

ground (Baxter and Renfro, 1968; Cook and Lindner, 1970; Klima et al., 1982). Therefore, the seine 

data from June through November were used for the statistical evaluation of the juvenile white 

shrimp CPUE-environment relationships, and the remaining months were dropped from the 

analysis as those months showed low and inconsistent catch of white shrimp in the seines (Figure 

4).  

The seine data collected in June through November over all available years of record (1986-

2013) across the Louisiana coastline were evaluated to determine if the averaged salinity, 

averaged water temperature, and/or turbidity data were related to the juvenile white shrimp 

CPUE. The environmental variables were examined along with their squared terms and their 

interactions. Day of year and its squared term were also included in the model to explain any 

seasonal variation in white shrimp within the estuaries.  
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Figure 3. Length-frequency distribution of white shrimp caught in the 50-foot seine samples for 

Louisiana. 

 

 

 

 

Figure 4. Mean CPUE of white shrimp by month for each year in the 50-foot seine samples. 
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2.2 6-foot Trawls 

The length distribution of white shrimp caught in the 6-foot trawl samples indicated that nearly all 

were larger juveniles (median TL=72.5 mm; Figure 5) than those caught by the seine. Sizes above 

119 mm TL constituted less than 4% of the total white shrimp catch. Therefore, it was assumed 

that the estimated CPUE from the 6-foot trawl samples were representative of large juvenile 

white shrimp.  

The plot of mean CPUE by month for each year indicated the catch of juvenile white shrimp in 

the 6-foot trawls was consistently highest during June through October (Figure 6). Note that 

sampling effort of the 6-foot trawls has been reduced in recent years (Figure 6). The 6-foot trawl 

data from June through October were used for the statistical evaluation of the juvenile white 

shrimp CPUE-environment relationships, and the remaining months were dropped from the 

analysis as those months showed low and inconsistent catch of white shrimp in the 6-foot trawls 

(Figure 6).  

 

Figure 5. Length-frequency distribution of white shrimp caught in the 6-foot trawl samples for 

Louisiana. 
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Figure 6. Mean CPUE of white shrimp by month for each year in the 6-foot trawl samples.  

 

2.3 16-foot Trawls 

The length distribution of white shrimp caught in the 16-foot trawl samples indicated that nearly 

all were large juveniles (median TL = 92.5 mm; Figure 7). Sizes above 119 mm TL constituted less 

than 10% of the total white shrimp catch. Therefore, it was assumed that the estimated CPUE 

from the 16-foot trawl samples were representative of large juvenile white shrimp.  

The plot of mean CPUE by month for each year indicated the catch of juvenile white shrimp in 

the 16-foot trawls was consistently highest during July through December (Figure 8). Therefore, 

the 16-foot trawl data from July through December were used for the statistical evaluation of the 

juvenile white shrimp CPUE-environment relationships, and the remaining months were dropped 

from the analysis as those months showed low and inconsistent catch of white shrimp in the 16-

foot trawls (Figure 8).  

The 6-foot and 16-foot trawl data collected in June through October and July through 

December, respectively, over all available years of record (1966-2013) were evaluated 

separately to determine if the averaged salinity and averaged water temperature were related 

to the juvenile white shrimp CPUE. Each 16-foot trawl sample was kept as an independent 

observation even though collections were taken biweekly during certain months. Both 

environmental variables along with their squared terms and their interactions were examined. 

Day of year and its squared term were also included in the models to explain any seasonal 

variation in white shrimp within the estuaries. 
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Figure 7. Length-frequency distribution of white shrimp caught in the 16-foot trawl samples for 

Louisiana. 

 

 

 

 

Figure 8. Mean CPUE of white shrimp by month for each year in the 16-foot trawl samples. 
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2.4 Statistical Analysis 

The statistical approach was developed to predict mean CPUE in response to environmental 

variables for multiple species of interest and was designed for systematic application across the 

coast. The methods described in detail below rely on the use of polynomial regressions and 

commonly used SAS procedures that can be consistently and efficiently applied to fishery-

independent count data for species with different life histories and environmental tolerances. As 

a result, the same statistical approach was used for each of the fish and shellfish species that are 

being modeled with HSIs in the 2017 Master Plan. 

The species CPUE data were transformed using ln(CPUE+1). Given that the sampling is 

standardized and CPUE represent discrete values, (total catch per sample event) ln(CPUE + 1) 

transformation was appropriate for the analysis. Distributions that are reasonably symmetric 

often give satisfactory results in parametric analyses, due in part to the effectiveness of the 

Central Limit Theorem and in part to the robustness of regression analysis. Nevertheless, it is 

expedient to approximate normality as closely as possible prior to conducting statistical 

analyses. The negative binomial distribution is common for discrete distributions for samples 

consisting of counts of organisms when the variance is greater than the mean. In these cases, 

the natural logarithmic transformation is advantageous in de-emphasizing large values in the 

upper tail of the distribution. The transformation worked generally well in meeting the 

assumptions of the regression analysis.  

Predictive models can often be improved by fitting some curvature to the variables by including 

polynomial terms. This allows the rate of a linear trend to diminish as the variable increases or 

decreases. Scientists have previously described relationships of estuarine species to factors like 

salinity and temperature as nonlinear, and it can be expected that the white shrimp may 

respond nonlinearly to environmental variables as well (i.e., they have optimal values for 

biological processes; Pérez-Castañeda and Defeo, 2005; Villarreal et al., 2003). Thus polynomial 

regression was chosen for the analyses. Another consideration in modeling the abundance of 

biota is the consistency of the effect of individual variables across the level of other variables. 

The effect of temperature, for example, may not be consistent across all levels of salinity. These 

changes can be modeled by considering interaction terms among the independent variables in 

the polynomial regression equation.  

Given the large number of potential variables and their interactions, it is prudent to use an 

objective approach, such as stepwise procedures (Murtaugh, 2009), to select the variables for 

inclusion in the development of the model. The SAS programming language has a relatively new 

procedure called PROC GLMSelect, which is capable of performing stepwise selection where at 

each step all variables are rechecked for significance and may be removed if no longer 

significant. However, there are a number of limitations to PROC GLMSelect. GLMSelect is 

intended primarily for parametric analysis where the assumption of a normal distribution is made. 

It does not differentially handle random variables, so modern statistical techniques involving 

random components, non-homogeneous variance and covariance structure cannot be used 

with this technique. As a result, PROC GLMSelect was used as a ‘screening tool’ to identify the 

key variables (linear, polynomial, and interactions), while the SAS procedure PROC MIXED was 

used to calculate parameter estimates and ultimately develop the model. PROC MIXED is 

intended primarily for parametric analyses, and can be used for regression analysis. Although it is 

capable of fitting analyses with non-homogenous variances and other covariance structures, 

the ultimate goal of the analysis was to predict mean CPUE, not for hypothesis testing or for 

placing confidence intervals on the model estimates. The statistical significance levels for the 

resulting parameters were used to evaluate whether the parameters of the polynomial 

regression model adequately described the predicted mean (p<0.05).  
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3.0 Results 

3.1 Seines 

The regression analyses for the seines were initially run with salinity, temperature and turbidity 

(i.e., secchi depth) as independent variables, but the range in turbidity values turned out to be 

very small with nearly all secchi depth measurements at the sampling stations being less than 2 

feet. Including turbidity (secchi depth in feet) within the polynomial regression equation caused 

much more flipping within the function (i.e., quickly changing direction) and unrealistic 

predicted CPUE values. Therefore, turbidity was dropped as an independent variable and the 

statistical analysis of the seines was re-run with temperature, salinity, and day. 

The resulting polynomial regression model from the seine analysis describes white shrimp CPUE 

(natural log transformed) in terms of all significant effects from salinity and temperature, their 

squared terms and their interactions, and day of year (Equation 1; Table 2). Surface response 

plots are used to visually depict the relationships for any two interacting independent variables 

(x,y) and CPUE (z) with the remaining independent variables held constant. The surface 

response for the resulting polynomial regression (Equation 1) is plotted for the range of salinities 

and temperatures (Figure 9) with day held at its mean. The scatter plot overlaid on the surface 

response shows the observed data used to develop the polynomial regression (Figure 9).  

Juvenile white shrimp were generally abundant between 10-28 °C and 6 and 32 ppt; however, 

peak catches occurred at 14-24 °C and 18-24 ppt (Figure 9). The peak water temperatures are 

slightly lower than those reported in the recent white shrimp HSI models (20-30 °C; CPRA, 2012), 

whereas the peak salinities are higher than was previously determined (5-15 ppt).  

Equation 1 : 
ln(CPUE + 1)  = −7.9150 + 8.1556(𝐷𝑎𝑦) − 1.6101(𝐷𝑎𝑦2) − .03471(𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦) + .009624(𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒) +
.01385(𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦 ∗ 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒) − .00264(𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦2) − .00115(𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒2) − .00034(𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦 ∗
𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒2)  
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Table 2. List of selected effects with parameter estimates and their level of significance for the 

resulting polynomial regression in Equation 1. Interactions between variables are denoted by *.  

Selected Effects Parameter Estimate1 p value 

Intercept -7.9150 <0.0001 

Day 8.1556 <0.0001 

Day2 -1.6101 <0.0001 

Salinity -0.03471 0.4771 

Temperature 0.009624 0.8770 

Salinity*Temperature 0.01385 0.0010 

Salinity2 -0.00264 <0.0001 

Temperature2 -0.00115 0.3669 

Salinity*Temperature2  -0.00034 <.0001 

 

Figure 9. Surface plot for the polynomial regression in Equation 1 over the range of salinity and 

temperature values and substituting mean day of September 11 into the equation. The scatter 

plot of salinity, temperature and juvenile white shrimp CPUE data from the 50-foot seine station 

samples are overlaid on the plot. 

                                                      
1 Significant figures may vary among parameters due to rounding or accuracy of higher order 

terms. 
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3.2 Trawls  

Preliminary analysis indicated the two trawl gear types had similar predictions of white shrimp 

CPUE in response to salinity and temperature. As a result, the data for both trawls were 

combined using the dates in common between the two gears (July – October). The resulting 

polynomial regression model (Equation 2) from the analysis describes white shrimp CPUE in terms 

of all significant effects from salinity, temperature, their squared terms and their interactions, and 

day of year (Table 3). A dummy variable, “gear”, was used to control for the effect of the 

different gears on model predictions: when its value is “1” the prediction represents the 6-foot 

trawl; when its value is “0” the results are adjusted for the 16-foot trawl.  

The surface response for the resulting polynomial regression model (Equation 2) is plotted for the 

range of salinities and temperatures for mean day of August 27 (Figure 10). There is a strong 

effect of salinity on CPUE with a substantial peak occurring at the combination of lower 

temperatures and salinities between 5 - 20 ppt, with peaks between 12-17 ppt. These peaks 

occur at slightly lower salinity values than those from the analysis of the seine data and are 

closer to the ranges presented in Table 1, although still higher than the reported optimum of 5-15 

ppt. With regards to temperature, there are few data points below 15 °C and the results at those 

combinations may not be biologically meaningful because the polynomial model “flips” to 

predict unreasonable values beyond the available data. As a result, truncating the model to the 

range of available data provides a better snapshot of the relationship (Figure 10). The 

coefficient for the ‘gear’ variable indicates there is a decrease in white shrimp catch when gear 

is set to 1 (6’ trawl) rather than 0 (16’ trawl). However, these differences have no effect on the 

overall shape of the responses to salinity and temperature. As a result, gear was held constant at 

0 for the development of the suitability index, as described below. 

Equation 2:  

ln (𝐶𝑃𝑈𝐸 + 1) =  −8.2435 + 1.248(𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦) + 0.3732(𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒) − 0.03476(𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦2) −
0.00751(𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒2) − 0.08411(𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦 ∗ 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒) − 0.00004(𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦2 ∗
𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒2) + 0.00141(𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦 ∗ 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒2) + 0.002221(𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 ∗ 𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦2) +
4.6448(𝐷𝑎𝑦) − 0.8693(𝐷𝑎𝑦2 ) − 0.545(𝐺𝑒𝑎𝑟)  
 
Table 3. List of selected effects with parameter estimates and their level of significance for the 

resulting polynomial regression in Equation 2. Interactions between variables are denoted by *.  

Selected Effects Parameter Estimate p value 

Intercept -8.2435 <0.0001 

Salinity 1.248 <0.0001 

Temperature 0.3732 <0.0001 

Salinity2 -0.03476 <0.0001 

Temperature2 -0.00751 <0.0001 

Salinity*Temperature -0.08411 <0.0001 

Salinity2*Temperature2 -4.00E-05 <0.0001 

Salinity*Temperature2 0.00141 <0.0001 

Temperature*Salinity2 0.002221 <0.0001 

Day 4.6448 <0.0001 

Day2 -0.8693 <0.0001 

Gear -0.545 <0.0001 
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Figure 10. Surface response plot for juvenile white shrimp in 6-foot and 16-foot trawls in relation to 

temperature and salinity and with the response surface truncated at the temperature extremes 

(<15 and > 35 °C) to remove the extreme values from the polynomial regression. 

 

4.0 Habitat Suitability Index Model for Juvenile White 

Shrimp (Seine) 

Although the polynomial regression functions appear long and complex, the regression models 

are simply describing the relationships between white shrimp catch in the seine and the salinity 

and temperature taken with the samples. The surface plots demonstrate the relationships and 

interactions between the independent variables that predict the mean white shrimp CPUE. 

In order to use the polynomial regression functions in an HSI Model, the equations were 

standardized to a 0-1 scale. Standardization of the CPUE data is relatively straightforward and 

begins with converting the predicted log-transformed CPUE [ln(CPUE+1)] back to raw, 

untransformed CPUE values. The predicted untransformed CPUE values were then standardized 

by the maximum CPUE value. Maximum CPUE was calculated by running the model through 

salinity and temperature combinations that fall within plausible ranges.  

 

A predicted maximum juvenile white shrimp ln[(CPUE+1)] value of 3.25 was generated from the 

seine polynomial regression at a temperature of 18 °C and salinity of 20 ppt. The back-

transformed CPUE value (24.687) was used to standardize the other predicted untransformed 

CPUE values from the regression. The resulting standardized water quality suitability index was 

combined with a standardized (0-1) index for emergent vegetation to produce the small 

juvenile white shrimp HSI model. Both components of the model are equally weighted and the 

geometric mean is used as all variables are considered essential to small juvenile white shrimp: 

HSI = (SI1 * SI2 )1/2 
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Where: 

SI1 – Salinity and temperature during the months of June through November (V1)  

SI2 – Percent of cell that is emergent vegetation (V2) 

 

4.1 Applicability of the Model 

This model is applicable for calculating the habitat suitability index of small (median TL=43 mm; 

Figure 3) juvenile white shrimp from June through November in coastal Louisiana marsh edge 

and shallow shoreline habitats.  

 

4.2 Response and Input Variables 

V1: Salinity and temperature during the months of June through November. 

Calculate monthly averages of salinity (ppt) and temperature (°C) from June through 

November:  

𝑉1  = −7.9150 + 8.1556(2.543) − 1.6101(2.5432) − .03471(𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦) + .009624(𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒) +

.01385(𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦 ∗ 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒) − .00264(𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦2) − .00115(𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒2) − .00034(𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦 ∗

𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒2)  

The resulting suitability index (SI1) should then be calculated as: 

𝑆𝐼1 =
𝑒𝑉1 − 1

24.68 
 

which includes the steps for back-transforming the predicted CPUE from Equation 1 and 

standardizing by the maximum predicted (untransformed) CPUE value equal to 24.68. The 

surface response for SI1 is demonstrated in Figure 11.  
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Figure 11. Surface plot demonstrating the predicted suitability index (0-1) for small juvenile white 

shrimp in relation to salinity and temperature and resulting from the back-transformation and 

standardization of the polynomial regression in Equation 1.  

 

Rationale: Salinity and temperature are important abiotic factors that can influence the spatial 

and temporal distribution of small juvenile white shrimp in the estuaries within a year. The 

suitability index for small juvenile white shrimp resulted from the polynomial regression model that 

described the fit to the observed seine catch data in relation to the salinity and temperature 

measurements taken concurrent with the LDWF seine samples. The resulting suitability index falls 

within the ranges previously described in the literature for juvenile white shrimp, although the 

optimum salinity values are higher than the optimum salinity values reported in Table 1. The 

previous Master Plan HSI combined seine and trawl gears (CPRA, 2012). Because these gears 

employ different levels of effort (as previously described) and target different parts of the shrimp 

life cycle, it was felt that relationships specific to each gear were warranted.  

Limitations: The variable ‘day’ in Equation 1 has been replaced by a constant value equal to the 

mean day from the analysis (September 11)2. Holding ‘day’ constant prevents the variable from 

contributing to the within- or among-year variation, so that only salinity and temperature can 

vary within and among years. Further, the optimal salinities and temperatures should not be 

interpreted as optimums for specific biological processes, such as growth or reproduction. 

Instead, the optimums represent the conditions in which small juvenile white shrimp most 

commonly occur, as dictated by physiological tolerances, prey availability, mortality, seasonal 

movements, and other factors.  

                                                      
2 Day of the year is scaled between 1 and 3.65 (i.e., 365/100) because the coefficients for higher power 

terms get exceedingly small and often do not have many significant digits. For example, a coefficient of 

0.00004 may actually be 0.0000351 and that can make a big difference when multiplied by 365 raised to 

the power of 2. By using a smaller value, decimal precision is improved. 
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VI2 – Percent of cell that is land  

VI2 is the percent of the cell that is covered by land (emergent wetland vegetation of all types). 

The equation for SI2 is plotted in Figure 12. 

 SI2 = 0.028 * V2 + 0.3 for V2 < 25  

 1.0 for 25 ≤ V2 ≤ 80 

 5.0 – 0.05 * V2 for V2 > 80  
 

 

Figure 12. The suitability index for small juvenile white shrimp in relation to the % emergent 

vegetation (Percent Land= V2). 

 

Rationale: The percent of land or total vegetated area within the cell is directly proportional to 

the marsh habitat’s long‐term carrying capacity for juvenile white shrimp. This relationship was 

developed by (Minello and Rozas, 2002) for juvenile brown shrimp, white shrimp and blue crab 

and subsequently incorporated into HSI’s for the brown shrimp, white shrimp, and spotted 

seatrout in the 2012 Coastal Master Plan. The 2012 white shrimp wetland suitability index was 

utilized in the 2017 HSI model; however, the SI was increased to 0.3 at 0% wetland as white 

shrimp juveniles can occur in shallow non-vegetated bottom, and SI was decreased to 0 at 100% 

land as this configuration is not expected to hold value for this species.  

Limitations: Juvenile white shrimp also use submerged aquatic vegetation (SAV; Rozas and 

Minello, 2006) and seagrass beds are considered prime habitat due to increased prey as well as 

for cover from predators. However, white shrimp do not rely as heavily on this vegetation as do 

other decapods (Laney, 1997) and there are no recent HSIs that include a relationship between 

SAV and this species. Regardless, the 2017 Master Plan HSI model does not quantify specific 

habitats such as SAV or marsh edge, and instead identifies the general landscape configuration 

(land:water) where optimum levels of these habitats are expected to occur.  
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5.0 Habitat Suitability Index Model for Juvenile White 

Shrimp (Trawl) 

Although the polynomial regression functions appear long and complex, the regression models 

are simply describing the relationships between white shrimp catch in the trawl and the salinity 

and temperature taken with the samples. The surface plots demonstrate the relationships and 

interactions between the independent variables that predict the mean white shrimp CPUE.  

 

In order to use the polynomial regression functions in an HSI Model, the equations were 

standardized to a 0-1 scale. Standardization of the CPUE data is relatively straightforward and 

begins with converting the predicted log-transformed CPUE [ln(CPUE+1)] back to raw, 

untransformed CPUE values. The predicted untransformed CPUE values were then standardized 

by the maximum CPUE value. Maximum CPUE was calculated by running the model through 

salinity and temperature combinations that fall within plausible ranges.  

 

A predicted maximum juvenile white shrimp ln(CPUE+1) value of 4.006 was generated from the 

trawl polynomial regression at a temperature of 21 °C and salinity of 9 ppt. The back-

transformed CPUE value (53.93) was used to standardize the other predicted untransformed 

CPUE values from the regression. The surface response that describes the standardized juvenile 

white shrimp (0-1) response to salinity and temperature is shown in Figure 13. This predicted 

response surface is the resulting water quality suitability index to be used for the large juvenile 

white shrimp. The standardized water quality index was combined with a standardized (0-1) 

index for emergent vegetation to produce the large juvenile white shrimp HSI model. Both 

components of the model are equally weighted and the geometric mean is used as all variables 

are considered essential to large juvenile white shrimp: 

HSI = (SI1 * SI2 )1/2 

Where: 

SI1 – Salinity and temperature during the months of July through October (V1)  

SI2 – Percent of cell that is emergent vegetation (V2) 
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Figure 13. Surface plot demonstrating the predicted suitability index (0-1) for large juvenile white 

shrimp in relation to salinity and temperature and resulting from the back-transformation and 

standardization of the polynomial regression in Equation 2. 

 

5.1 Applicability of the Model 

This model is applicable for calculating the habitat suitability index of large (median = 82.5 mm 

TL) juvenile white shrimp from July through October in Louisiana’s inshore and deeper estuarine 

waters as they are emigrating from the estuary. 

 

5.2 Response and Input Variables 

V1: Salinity and temperature during the months of July through October. 

Calculate monthly averages of salinity (ppt) and temperature (°C) from July through October:  

𝑉1 =  −8.2435 + 1.248(𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦) + 0.3732(𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒) − 0.03476(𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦2) −

0.00751(𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒2) − 0.08411(𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦 ∗ 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒) − 4.00E − 05(𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦2 ∗ 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒2) +

0.00141(𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦 ∗ 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒2) + 0.002221(𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 ∗ 𝑆𝑎𝑙𝑖𝑛𝑖𝑡𝑦2) + 4.6448(2.3940) −

0.8693(2.39402 )  

The resulting suitability index (SI1) should then be calculated as: 

𝑆𝐼1 =
𝑒𝑉1 − 1

16.89
 

which includes the steps for back-transforming the predicted CPUE from Equation 1 and 

standardizing by the maximum predicted (untransformed) CPUE value equal to 53.93. The 

surface response for SI1 is demonstrated in Figure 13. 

Rationale: Salinity and temperature are important abiotic factors that can influence the spatial 

and temporal distribution of large juvenile white shrimp in the estuaries within a year. The 

suitability index for large juvenile white shrimp resulted from the polynomial regression model that 
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described the fit to the observed trawl catch data in relation to the salinity and temperature 

measurements taken concurrent with the LDWF trawl samples. The resulting suitability index 

predicts optimums that fall within the ranges previously described in the literature for juvenile 

white shrimp although salinity optimums are slightly higher than the reported optimums (see 

Table 1). The previous Master Plan HSI combined seine and trawl gears (CPRA, 2012). Because 

these gears employ different levels of effort (as previously described) and target different parts 

of the shrimp life cycle, it was felt that relationships specific to each gear were warranted. 

Limitations: The variable ‘day’ in Equation 1 has been replaced by a constant value equal to the 

mean day from the analysis (August 27). Holding ‘day’ constant prevents the variable from 

contributing to the within- or among-year variation, so that only salinity and temperature can 

vary within and among years. Further, the optimal salinities and temperatures should not be 

interpreted as optimums for specific biological processes, such as growth or reproduction. 

Instead, the optimums represent the conditions in which large juvenile white shrimp most 

commonly occur, as dictated by physiological tolerances, prey availability, mortality, seasonal 

movements, and other factors. Finally, V1 is inaccurate at temperatures less than 15 and greater 

than 35 oC. As a result, a conditional statement should be applied and the model should be 

adjusted as followed: 

If temperature <15 or temperature >35 °C then V1=0 

V2 – Percent of cell that is land 

VI2 is the percent of the cell that is covered by land (emergent wetland vegetation of all types). 

The equation for SI2 is plotted in Figure 14 

 SI2 = 1.0 V2 < 30 

 1.43-0.0143*V2 for V2 > 30  

 

  

Figure 14. The suitability index for large juvenile white shrimp in relation to the % emergent 

vegetation (Percent Land= V2). 

 

Rationale: This relationship represents large juvenile white shrimp that are moving away from the 

shoreline into inshore and deeper estuarine waters. Therefore, it is thought that areas with more 

water (up to 30% wetland) would be appropriate for this life stage. The benefits of edge and 
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shoreline habitat may be less important during the larger juvenile life stage as the species begins 

to emigrate offshore.  

Limitations: None. 

6.0 Model Verification and Future Improvements 

A verification exercise was conducted to ensure the distributions and patterns of HSI scores 

across the coast were realistic relative to current knowledge of the distribution of white shrimp. In 

order to generate HSI scores across the coast, the HSI models were run using calibrated and 

validated ICM spin-up data to produce a single value per ICM grid cell. Given the natural 

internannual variation in salinity patterns across the coast, several years of model output were 

examined to evaluate the internannual variability in the HSI scores. An accurate representation 

of algae in the system was not available as inputs to generate a chlorophyll a suitability index 

score, and thus SI3 was held constant at 1 for all model runs.  

For the small juvenile white shrimp model, high scores were observed around fragmented marsh 

areas, such as those within Barataria, Breton, and Terrebonne Basins. Scores were lowest in open 

water bodies closest to the Gulf of Mexico such as Chandeleur Sound, southern Barataria Bay, 

and Vermillion Bay. For large juvenile white shrimp, the model did not produce realistic 

distributions of white shrimp distribution across the coast. Scores were predominantly low (< 0.5) 

and those scores at the higher end of the observed range were located in fresh lakes and bays 

(e.g., Lake Maurepas, Atchafalaya Bay). This is most likely attributed to the temperature function 

in the polynomial regression and the inherent bias in the trawl gear. During warmer months, 

white shrimp are less likely to be caught by the trawls as they are typically found within marsh 

habitats. As temperatures decrease, white shrimp become move out of the marsh and into the 

open waters where they are more easily sampled by the trawls. As a result, the model is 

predicting higher abundances of white shrimp when the waters are cooler. Further, a limitation 

of this model is there are no geographic constraints that prevent the model from generating HSI 

scores in areas where the species are not likely to occur. For example, habitat in certain areas 

may be highly suitable but likely may never be occupied due to accessibility constraints (e.g., 

impounded wetlands) or perhaps because of their life cycle (e.g., larvae aren’t carried into the 

upper basins and therefore these areas may be under-utilized by juveniles). In both models, HSI 

scores greater than 0 were observed in isolated areas in the upper Atchafalaya Basin, where 

these species are not known to occur. In both models, HSI scores greater than 0 were observed 

in isolated areas in the upper Atchafalaya Basin where they are not known to occur. As a result, 

the areas of the northern Atchafalaya are being excluded from the HSI model domain. Overall, 

the results of the verification exercise were determined to be accurate representations of small 

juvenile white shrimp distributions and inaccurate representations of large juvenile shrimp in 

coastal Louisiana. 

Although the polynomial regression model used to fit the LDWF seine data produced a function 

relating white shrimp catch to salinity and temperature that generally agreed with their life 

history information and distributions (Pattillo et al., 1997), polynomial models can predict 

unreasonable results outside of the modeled data range. Other statistical methods and 

modeling techniques exist for fitting nonlinear relationships among species catch and 

environmental data that could potentially improve the statistical inferences and model behavior 

outside of the available data. A review of other statistical modeling techniques could be 

conducted in order to determine their applicability in generating improved HSI models in the 

future.  



 2017 Coastal Master Plan: HSI Species Profile 

 

 J u l y  2 0 1 5  P a g e  | 31 

7.0 References 

Baltz, D. M., Rakocinski, C., and Fleeger, J. W. (1993). Microhabitat use by marsh-edge fishes in a 

Louisiana estuary. Environmental Biology of Fishes, 36(2), 109–126. 

Baxter, K. N., and Renfro, W. C. (1968). Seasonal occurence and size distribution of postlarval 

brown and white shrimp near Galveston, Texas, with notes on species identification. 

Fishery Bulletin, 66(1), 149–158. 

Christmas, J. Y., and Etzold, D. J. (1977). The shrimp fishery of the Gulf of Mexico United States; a 

regional management plan. Gulf Coast Research Laboratory, Technical Report Series, 

No. 2(1), p. 125. 

Cook, H. L., and Lindner, M. J. (1970). Synopsis of biological data on the brown shrimp Penaeus 

aztecus aztecus Ives, 1891 (No. 57). 

Coastal Protection and Restoration Authority (CPRA). (2012). Louisiana’s Comprehensive Master 

Plan for a Sustainable Coast. Baton Rouge, LA: CPRA. (p. 186). 

Gracia, A. (1991). Spawning stock–recruitment relationships of white shrimp in the southwestern 

Gulf of Mexico. Transactions of the American Fisheries Society, 120(4), 519–527. 

doi:10.1577/1548-8659(1991)120<0519:SSROWS>2.3.CO;2 

Hollaway, S. L., and Baxter, K. N. (1981). A summary of results of Louisiana brown shrimp tagging 

experiments, 1978. Galveston, TX: U.S. Dept. of Commerce, National Oceanic and 

Atmospheric Administration, National Marine Fisheries Service, Southeast Fisheries Center, 

Galveston Laboratory. 

Hollaway, S. L., and Sullivan, L. F. (1982). Penaeid shrimp tagging experiments in Louisiana, 1979. 

Galveston, TX: U.S. Dept. of Commerce, National Oceanic and Atmospheric 

Administration, National Marine Fisheries Service, Southeast Fisheries Center, Galveston 

Laboratory. 

Klima, E. F. (1987). Review of the 1986 Texas Closure for the Shrimp Fishery Off Texas and 

Louisiana. National Oceanic and Atmospheric Administration, National Marine Fisheries 

Service, Southeast Fisheries Center, Galveston Laboratory. 

Klima, E. F., Baxter, K. N., and Patella, F. J. (1982). A review of the offshore shrimp fishery and the 

1981 Texas closure. Marine Fisheries Review, 44, 16–30. 

Laney, R. W. (1997). The relationship of submerged aquatic vegetation (SAV) ecological value to 

species managed by the Atlantic States Marine Fisheries Commission (ASMFC): Summary 

for the ASMFC SAV Subcommittee. Presented at the Atlantic Coastal Submerged 

Aquatic Vegetation: A Review of its Ecological Role, Anthropogenic Impacts State 

Regulation, and Value to Atlantic Coastal Fish Stocks. Raleigh, NC: U.S. Fish and Wildlife 

Service Southeast Region South Atlantic Fisheries Resources Coordination Office. 

Louisiana Department of Wildlife and Fisheries (LDWF). (2002). Marine Fisheries Division Field 

Procedure Manual (Ver. 02‐1). Baton Rouge, LA. 



 2017 Coastal Master Plan: HSI Species Profile 

 

 J u l y  2 0 1 5  P a g e  | 32 

Lyon, J. M., and Boudreaux, C. J. (1983). Movement of tagged white shrimp, Penaeus setiferus, in 

the northwestern Gulf of Mexico. Louisiana Department of Wildlife and Fisheries, 

Technical Bulletin, No. 39. 

McKenzie, M. D. (1981). Profile of the Penaeid shrimp fishery in the South Atlantic. Charleston, SC: 

South Atlantic Fishery Management Council. 

Minello, T. J., and Rozas, L. P. (2002). Nekton in Gulf coast wetlands: Fine-scale distributions, 

landscape patterns, and restoration implications. Ecological Applications, 12(2), 441–455. 

doi:10.1890/1051-0761(2002)012[0441:NIGCWF]2.0.CO;2 

Minello, T. J., Rozas, L. P., and Baker, R. (2011). Geographic Variability in Salt Marsh Flooding 

Patterns may Affect Nursery Value for Fishery Species. Estuaries and Coasts, 35(2), 501–

514. doi:10.1007/s12237-011-9463-x 

Minello, T. J., and Webb, J. W. (1997). Use of natural and created Spartina alterniflora salt 

marshes by fishery species and other aquatic fauna in Galveston Bay, Texas, USA. Marine 

Ecology Progress Series, 151, 165–179. doi:10.3354/meps151165 

Muncy, R. J. (1984). Species profiles: Life histories and environmental requirements of coastal 

fishes and invertebrates (South Atlantic)—white shrimp. U.S. Fish and Wildlife Service 

FWS/OBS-82/11.27. U.S. Army Corps of Engineers, TR EL-82-4. 19 p. 

Murtaugh, P. A. (2009). Performance of several variable-selection methods applied to real 

ecological data. Ecology Letters, 12(10),1061-1068. 

Nance, J. M., Klima, E. F., and Czapla, T. E. (1989). Gulf of Mexico shrimp stock assessment 

workshop. 41 p. (NOAA Tech. Memo. No. NMFS-SEFC-239) (p. 41). 

Pattillo, M. E., Czapla, T. E., Nelson, D. M., and Monaco, M. E. (1997). Distribution and abundance 

of fishes and invertebrates in Gulf of Mexico estuaries, Vol. II: Species life history 

summaries (No. 11, p. 377). Silver Spring, MD: U.S. Dept. of Commerce, National Oceanic 

and Atmospheric Administration, National Ocean Service. Retrieved from 

https://archive.org/details/distributionabun02nels 

Pattillo, M. E., Rozas, L. P., and Zimmerman, R. J. (1995). A review of salinity requirements for 

selected invertebrates and fishes of US Gulf of Mexico estuaries (Final report to the 

Environmental Protection Agency, Gulf of Mexico Program). US Department of 

Commerce, National Oceanic and Atmospheric Administration, National Marine Fisheries 

Service, Southeast Fisheries Science Center, Galveston Laboratory. 

Pérez-Castañeda, R., and Defeo, O. (2005). Growth and mortality of transient shrimp populations 

(Farfantepenaeus spp.) in a coastal lagoon of Mexico: role of the environment and 

density-dependence. ICES Journal of Marine Science: Journal Du Conseil, 62(1), 14–24. 

doi:10.1016/j.icesjms.2004.10.005 

Perez-Farfante, I. (1969). Western Atlantic Shrimps of the Genus Penaeus. Fishery Bulletin, 67, 461–

591. 

 

  



 2017 Coastal Master Plan: HSI Species Profile 

 

 J u l y  2 0 1 5  P a g e  | 33 

Rozas, L. P., and Minello, T. J. (2006). Nekton use of Vallisneria americana Michx. (Wild Celery) 

beds and adjacent habitats in coastal Louisiana. Estuaries and Coasts, 29(2), 297–310. 

Rozas, L.P. and Minello, T.J. (2011). Variation in penaeid shrimp growth rates along an estuarine 

salinity gradient: Implications for managing river diversions. Journal of Experimental 

Marine Biology and Ecology 397,196-207. 

Rozas, L. P., and Reed, D.J. (1993). Nekton use of marsh-surface habitats in Louisiana (USA) 

deltaic salt marshes undergoing submergence. Marine Ecology Progress Series, 96, 147–

157. 

Turner, R. E. (1977). Intertidal Vegetation and Commercial Yields of Penaeid Shrimp. Transactions 

of the American Fisheries Society, 106(5), 411–416. doi:10.1577/1548-

8659(1977)106<411:IVACYO>2.0.CO;2 

Villarreal, H., Hernandez-Llamas, A., and Hewitt, R. (2003). Effect of salinity on growth, survival 

and oxygen consumption of juvenile brown shrimp, Farfantepenaeus californiensis 

(Holmes). Aquaculture Research, 34(2), 187–193. doi:10.1046/j.1365-2109.2003.00808.x 

Williams, A. B. (1984). Shrimps, lobsters, and crabs of the Atlantic Coast of the Eastern United 

States, Maine to Florida. Washington, DC: Smithsonian Institution Press. 

Zein-Eldin, Z. P., and Renaud, M. L. (1986). Inshore environmental effects on brown shrimp, 

Penaeus aztecus, and white shrimp, P. setiferus, populations in coastal waters, particularly 

of Texas. Marine Fisheries Review, 48(3), 9–19. 

Zimmerman, R. J., Nance, J. M., and Williams, J. (1997). Trends in shrimp catch in the hypoxic 

area of the northern Gulf of Mexico. Galveston, TX: National Marine Fisheries Service, 

Galveston Laboratory. 

 

 


